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Abstract
Background: As a result of the various telemedicine projects in the past years a large number of studies were
recently published in this field. However, a precise bibliometric analysis of telemedicine publications does not
exist so far.
Methods: The present study was conducted to establish a data base of the existing approaches. Density-equalizing
algorithms were used and data was retrieved from the Thomson Reuters database Web of Science.
Results: During the period from 1900 to 2006 a number of 3290 filed items were connected to telemedicine, with
the first being published in 1964. The studies originate from 101 countries, with the USA, Great Britain and Canada
being the most productive suppliers participating in 56.08 % of all published items. Analyzing the average citation
per item for countries with more than 10 publications, Ireland ranked first (10.19/item), New Zealand ranked second
(9.5/item) followed by Finland (9.04/item). The citation rate can be assumed as an indicator for research quality. The
ten most productive journals include three journals with the main focus telemedicine and another five with the
main focus “Information/Informatics”. In all subject categories examined for published items related to telemedicine,
“Health Care Sciences & Services” ranked first by far. More than 36 % of all publications are assigned to this category,
followed by “Medical Informatics” with 9.72 % and “Medicine, General & Internal” with 8.84 % of all publications.
Conclusion: In summary it can be concluded that the data shows clearly a strong increase in research productivity.
Using science citation analysis it can be assumed that there is a large rise in the interest in telemedicine studies.
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Introduction
Telemedicine and telemetrics are increasingly important
for occupational and environmental medicine and many
routine and research approaches use technology of this
field for different purposes [1]. One definition is that
“Telemedicine is the use of electronic information and
communication technologies to provide and support
health care when distance separates the participants” [2].
The first telemedical activities were documented in 1897,
when the telephone was used to confirm a diagnosis [3],
and there are reports from 1922 which certify the ex-
change of medical information between ships and coast
guards [4]. Since then telemedicine plays an important
role for all aspects of public health. Especially in areas,
which are not densely populated, telemedicine may serve
as a powerful tool to implement improvements of the
public health system.
The invention of television induced the first wave of
telemedicine projects. In 1959 Jutras succeeded to intercon-
nect several hospitals via a cable supported TV system. This
system enabled the transmission of roentgenograms over a
distance of up to five miles [5]. With the development of
new telecommunication technologies such as UMTS, infra-
red or Bluetooth telemedicine is today a growth market
with high potentials and great opportunities for global
health care. Telemedicine is most beneficial for populations
living in isolated communities and remote regions and is
currently being applied in virtually all medical domains.
This new technology has mostly been used as a communi-
cation and consultation tool between a general practitioner
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and a specialist available at a remote location. In recent
years, the focus has also been on monitoring a patient at
home using known devices like blood pressure monitors
and transferring the information to a caregiver. These
telemonitoring solutions have a focus on current high
morbidity chronic diseases, such as chronic heart failure
or diabetes mellitus. Telemedicine holds big promises to
solving major health care problems; hence, in the last
years various studies were concluded. However, there is
no in-depth bibliometric analysis of the current state of
research regarding telemedicine available. Due to the
importance of telemedicine for public health, the NewQIS
project (New Quality and Quantity Indices in Science)
[6–8] elected the topic of telemedicine as a primary
research focus and established an in depth sciento-
metric study. Large-scale data analysis and bibliometric




The project is embedded in the NewQIS platform which
already addressed numerous topics with importance to
the field of public health Data [6, 9] was retrieved from
the database Web of Science from the former Institute
for Scientific Information of Thomson Reuters [10].
Search strategies
For the different searches the keyword telemedicine was
used. The search included all document types (e.g. original
articles, reviews, letters, editorials and news reports).
Time span
The initially analyzed time span included the period
from 1900 to 2006. The last seven years were not analyzed
since the evaluability of the number of citations is not
given and it hardly allows to draw conclusions. Thus, the
half live of citations has confined the period of investiga-
tion so far. To examine particular aspects of the retrieved
data in depth, the time span was partly restricted to a
period between 1976 and 2006.
Citation quantities
Published items were further analyzed [6, 11, 12] by using
the function “citation report” of the Web of Science
database. This method was used to examine the num-
ber of citations per citation year, the number of cita-
tions per publishing year and the average number of
citations per item.
Data categorization
In accordance with the NewQIS platform [6, 9, 13], all
data files were analyzed regarding a variety of different
aspects, e.g. the publishing countries and languages, the
publication years, the source titles and subject categor-
ies. Subsequently, the data was transferred to charts,
analyzed and the findings visualized.
Density-equalizing mapping was used according to a
method of Gastner and Newman [14]. With the applica-
tion of this technique, territories were resized depending
on a particular variable, e.g. the number of published
items. For the resizing procedure the area of each country
was scaled in proportion to its total number of published
items regarding telemedicine.
Results
Total number of published items
The number of published items was used as an indication
of research productivity. During the period 1900–2006
3290 items with the keyword telemedicine were identified.
The first studies were published in the year 1964, but till
the early 1990ies the total quantity of publications was
Fig. 1 Published items related to telemedicine in the Web of Science database 1900–2006
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Fig. 2 Ranking of country total numbers of published items related to telemedicine
Fig. 3 a Density-equalizing map illustrating the number of publications in each particular country. The area of each country was scaled in proportion
to its total number of publications regarding telemedicine. b Density-equalizing map showing the average citations per item of each particular country.
The area of each country was scaled in proportion to its average number of citations per item regarding telemedicine
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insignificant. However, numbers increase highly in the
middle of the 1990ies. The number of published items
jumps from 23 in the year 1994 up to 143 in 1997 and
357 in the year 2000. This is a considerable increase of
1450 % in a period of 6 years (Fig. 1).
Analysis of origin
The 3290 identified publications were originated from
101 countries, with the USA, Great Britain and Canada
being the most productive ones (Fig. 2) participating in
56.08 % of all published items. Australia and Germany
are also among the top five countries with the highest
number of studies regarding telemedicine. The positions
five to ten go to Italy, France, Spain, Japan and Greece.
The cumulated publications of the top ten publishing
countries encompassed 82.26 % of all published items.
Density-equalizing mapping of this set of data demonstrates
that a relatively small number of countries is responsible
for the majority of research efforts (Fig. 3a).
Citation parameters
The average citation per item was used as an indicator
for research quality, and differences were found in relation
to research quantity figures: when analyzing all 3290 pub-
lished items regarding the average citation of each item in
a country-specific manner, Bangladesh has the highest
average citation rate (35/item), with Iceland ranking sec-
ond (31/item) and Saudi Arabia ranking third (25/item)
(Fig. 4, Table 1). Differences to output quantity (Fig. 3a)
can be visualized by the use of a density-equalizing calcu-
lation to provide a global scheme of the average citations
per item of each country (Fig. 3b). When a threshold of at
least ten publications is set up, Bangladesh (1 publication),
Iceland (1 publication) and Saudi Arabia (1 publication)
are no longer ranked in the top ten, and Ireland (80 publi-
cations) moves into first position, with an average citation
rate of 10.19/item. Additionally New Zealand with 9.5 ci-
tations per item and Finland with 9.04 citations per item
enter the top three (Table 2). To assess the reception of
the subject matter over the time, the number of citations
per citation year was recorded from 1976 to 2006 (Fig. 5)
and a trend of increasing citations was present since 1976
(Fig. 6), which parallels the increase in published articles.
Publishing journals
The ten most productive journals include three journals
with the main focus telemedicine, such as “Journal of Tele-
medicine and Telecare”, “Telemedicine Journal and E-
Health” and “Telemedicine Journal”. Another five have the
main focus Information/Informatics, which are the “Journal
of the American Medical Informatics Association”, the
Fig. 4 Average citation per item of each particular country
Table 1 Average citation per item of each particular country
and total number of publications
Country Average citation per Item Number of publications
Bangladesh 35 1
Iceland 31 1
Saudi Arabia 25 1
Sudan 21 1
Indonesia 15 1
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“International Journal of Medical Informatics”, the “IEEE
Transactions of Information Technology in Biomedicine”,
the “Computer Methods and Programs in Biomedicine”
and the “Methods of Information in Medicine” (Fig. 7).
Analysis of assigned subject categories
In all subject categories examined for published items
related to telemedicine, “Health Care Sciences & Services”
ranked first by far, followed by the categories “Medical
Informatics” and “Medicine, General & Internal” (Fig. 8).
While the numbers of publications in most categories show
a less steep growth, the category “Health Care Sciences &
Services” has increased remarkably since 1997. All categor-
ies showed a temporary increasing of publication numbers
in 2001 (Fig. 9).
Discussion
The NewQIS platform decided to assess telemedicine on
a scientometric level due to its increasing importance
for public health and occupational and environmental
medicine. Especially in countries in which the health
systems are not area-wide, or occupational offshore set-
tings, telemedical inventions may be of utmost importance.
The present study provides a first precise international
bibliometric evaluation of telemedicine-related research in
a closed an defined time period which was set between
1900 and 2006. The methodology is based on internation-
ally established databases, such as the Web of Science [10],
and novel bibliometric tools including density-equalizing
mapping [14]. The time span in some search routines was
restricted to the period between 1976 and 2006. This period
was chosen because the worldwide number of published
items before 1976 was relatively low. Generally, there is a
constant increase of interest in this field since the middle of
the 1990ies. The main reason for this is the rapid progress
and development in the field of communication technolo-
gies in this era. New methods of digitizing images and com-
pressing data, as well as video coverage via low bandwidth
enabled new telemedical options [15]. This strong progress
in the area of computer and network technologies mainly
initiated the development of telemedicine.
Data analysis of productivity parameters shows that
research groups from the US maintain a leadership position
in research productivity concerning telemedicine, along
with Great Britain and Canada. More than 56 % of all
publications are originated from these three countries.
By bringing the number of publications in relation to
the respective population it can be seen that the USA
with a ratio of approx. 4.3 publication/1 m residents do
have a significantly lower output than the UK with 7.8
publication/1 m residents. Making the same calculation
for Australia, Norway and Finland, a comparatively high
ratio of approx. 10 publication/1 m for Australia, 12.4
publication/1 m for Norway and 9.2 publication/1 m for
Finland can be found.
The reason for these results might be that territorial
states such as Australia or Scandinavia do have special
Table 2 Average citation per item of each particular country
and the total number of publications (threshold excludes
countries with < 10 publications)
Country Average citation per Item Number of publications
Ireland 10.19 80









Fig. 5 Citations per year of citation
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requirements regarding medical care, which accelerate
the development of telemedicine in these countries [16].
Therefore, telemedicine is very advanced in those coun-
tries where medical specialists are not available in most
of the regions, or where climate issues cause serious
transportation issues, as is the case in wide territories of
Scandinavia.
While telemedicine is highly accepted and used in
countries such as Scandinavia, Australia or the USA,
Germany still struggles with this new technology [17]. In
Germany only 2.3 published items per 1 m residents
could be found. One of the main reasons for this is the
unregulated compensation situation, together with the
high physician concentration. Medical professionals in
Germany are still very conservative regarding telemedi-
cine, because they are afraid of possible staff savings and
quality losses caused by this new technology [18].
Whereas the number of published items was considered
as an indicator for research productivity, the average cit-
ation per item was used as a sign for research quality as
generally accepted. Therefore all articles were analyzed re-
garding the average citation of items published in each
particular country. Using this average citation per item
index without thresholds, Bangladesh appears to have the
highest rank, followed by Iceland and Saudi Arabia. It has
to be annotated that the results for those countries with a
very small amount of published items appear dispropor-
tionately high. To objectify these outliers, a threshold of
ten published items was introduced and, as a result,
Bangladesh (1 publication), Iceland (1 publication) and
Saudi Arabia (1 publication) are no longer included in the
ranking. Ireland (10.19 citations/item and 80 publications)
moves up to first position, followed by New Zealand and
Finland (Table 2).
Fig. 6 Increase and decrease of citations per year of citation
Fig. 7 Top 10 ranking of sources by the number of published items during the period from 1900 to 2006
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This result once again underlines the importance of
telemedicine in territorial countries, such as New Zealand
or Finland. Because of Finland being highly developed in
matters of telecommunications, numerous telemedicine
projects could successfully be established in this region
[19]. Today telemedicine is very well implemented in
the Finish health care system, so that necessary waiting
time shortenings for seeing a medical specialist could
be achieved [20].
When focusing on assigned categories in the Web of
Science database related to telemedicine, the field “Health
Care Sciences & Services“plays a leading role, with a steep
increase of published items since 1997. More than 36 % of
all publications are assigned to this category, followed by
“Medical Informatics” with 9.72 % and “Medicine, General
& Internal” with 8.84 % of all publications. This trend con-
firms the high impact of telemedicine for the health care
system. Telemedicine is no longer only a vision which is
Fig. 8 Top10 list of assigned subject categories of published items related to telemedicine; study period from 1900 to 2006
Fig. 9 Time dynamics of top 10 assigned subject categories; study period from 1900 to 2006
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covered in theoretical or technical fields, such as “Com-
puter Science, Theory & Methods” or “Computer Science,
Information Systems”. Today telemedicine is reality and
successfully applied in a high number of medical fields
[21]. Hence, more and more publications deal with the ap-
plication of telemedicine in order to optimize the health
care system. It is also an interesting aspect that the num-
ber of publications in the category “Health Care Sciences
& Services” was insignificantly low till the mid 1990ies
and then abruptly took a turn to become the most im-
portant field (Fig. 9). This change can be explained with
the improvement of telecommunication technologies in
that time, which eventually enabled the development of
telemedicine.
Conclusion
The present study represents the first detailed sciento-
metric analysis of the research regarding telemedicine.
The data shows clearly a strong increase in research prod-
uctivity. Using science citation analysis it can be assumed
that there is a large increase of interest in telemedicine
studies. While the majority of data originates from the
USA, smaller countries such as Ireland and New Zealand
take a lead in citation per item rankings. Future studies
should address the development of the field after 2006.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
DAG, SR, MB, MS, AG and BK have made substantial contributions to the
conception and design of the study, acquisition of the data and
interpretation. They have been involved in drafting and revising the
manuscript. All authors have read and approved the final manuscript.
Acknowledgement
We thank Dr Christian Scutaru for the establishment of the analysis unit and
helpful comments. This study is part of a MD thesis project.
Funding acknowledgement statement
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.
Author details
1Department of Health Economics, The Institute of Occupational Medicine,
Social Medicine and Environmental Medicine, Goethe University Frankfurt,
Theodor-Stern-Kai 7, 60590 Frankfurt, Germany. 2Institute of Occupational
Medicine, Charité School of Medicine, Thielallee 73, 14195 Berlin, Germany.
3Health Economics, Department of Gynecology and Obstetrics, Goethe
University Frankfurt, Theodor-Stern-Kai 7, 60590 Frankfurt, Germany.
Received: 29 July 2014 Accepted: 7 September 2015
References
1. Uibel S, Scutaru C, Mueller D, et al. Mobile air quality studies (MAQS) in
inner cities: particulate matter PM10 levels related to different vehicle
driving modes and integration of data into a geographical information
program. J Occup Med Toxicol. Oct 2012;7.
2. Field MJ. Telemedicine: A Guide to Assessing Telecommunications in Health
Care. Washington (DC)1996.
3. Spencer DC, Daugird AJ. The nature and content of telephone prescribing
habits in a community practice. Fam Med. 1990;22(3):205–9.
4. Squibb NJ. Video transmission for telemedicine. J Telemed Telecare.
1999;5(1):1–10.
5. Jutras A. Teleroentgen diagnosis by means of video-tape recording. Am J
Roentgenol Radium Ther Nucl Med. 1959;82:1099–102.
6. Groneberg-Kloft B, Fischer TC, Quarcoo D, Scutaru C. New quality and
quantity indices in science (NewQIS): the study protocol of an international
project. J Occup Med Toxicol. 2009;4:16.
7. Borger JA, Neye N, Scutaru C, et al. Models of asthma: density-equalizing
mapping and output benchmarking. J Occup Med Toxicol. 2008;3 Suppl
1:S7. Feb 27.
8. Scutaru C, Quarcoo D, Sakr M, et al. Density-equalizing mapping and
scientometric benchmarking of European allergy research. J Occup Med
Toxicol. 2010;5:2.
9. Vitzthum K, Mache S, Quarcoo D, Scutaru C, Groneberg DA, Schoffel N.
Scoliosis: density-equalizing mapping and scientometric analysis. Scoliosis.
2009;4:15.
10. Sevinc A. Web of science: a unique method of cited reference searching.
J Natl Med Assoc. 2004;96(7):980–3.
11. Schoffel N, Mache S, Quarcoo D, et al. Rheumatoid arthritis: scientific
development from a critical point of view. Rheumatol Int. 2010;30(4):505–13.
12. van Mark A, Vitzthum K, Hondorf F, Kloss L, Quarcoo D, Groneberg DA.
Shift- and Nightwork - a scientometric analysis. Wien Med Wochenschr.
2011;161(7-8):209–16.
13. Vitzthum K, Scutaru C, Musial-Bright L, et al. Scientometric analysis and
combined density-equalizing mapping of environmental tobacco smoke
(ETS) research. PLoS One. 2010;5(6):e11254.
14. Gastner MT, Newman ME. From The Cover: Diffusion-based method for
producing density-equalizing maps. Proc Natl Acad Sci U S A.
2004;101(20):7499–504.
15. Oeser R. Technologieunabhängige Systembetrachtung zur Umsetzung
telemedizinischer Konzepte: Dissertation, Technische Universität Wien2001.
16. Dietzel G. Gesundheitstelematik, Telemedizin und eHealth - Deutsche und
Europäische Perspektiven. Vol 2001: Telemedizinführer Deutschland; 2001.
17. Stranzinger E, Treumann TC, Dreier D. Teleradiologie bei notfallmäßigen
Schädel-CT-Untersuchungen. Fortschr Röntgenstr. 2003;175(05):646–53.
18. Walz M, Klose, K.J., Wein, B. Bericht zu Teleradiologie-Aktivitäten und -
Ergebnissen der ANARAD-Studie und AGIT. 1999; http://www.unimedizin-
mainz.de/radiologie/agit/berichte/frameset_berichte.htm, aktualisiert 1.11.1999.
19. Bässler M. Andere Länder - andere Telemedizin?: Seminararbeit. 2006.
20. Ärzteblatt.de. Finnland: Sinkende Wartezeiten, 28.06.206. 2006; Online article.
Available at: http://www.aerzteblatt.de/nachrichten/24728/Finnland-Sinkende-
Wartezeiten. Accessed 28.06.2006, 2006.
21. W. MG. Telemedizin und Integrierte Versorgung, 26.10.2006, 3. DGIV
Jahreskongress Forum Telemedizin. 2006; http://www.dgtelemed.de/
downloads/dgiv-forum-6-meyer.pdf.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Groneberg et al. Journal of Occupational Medicine and Toxicology  (2015) 10:38 Page 8 of 8
